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(57) ABSTRACT

In systems and methods of arranging content for broadcast 1n
a wireless communication system, a request 1s recerved from
a plurality of wireless devices, each associated with a user
profile, for content associated with content characteristics. A
plurality of content for each of the plurality of wireless
devices 1s generated according to the associated user profile.
The plurality of content 1s arranged according to the content
characteristics for broadcasting to the plurality of wireless
devices 1in a multicast transmission.
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ARRANGING CONTENT FOR BROADCAST
IN A WIRELESS COMMUNICATION SYSTEM

TECHNICAL BACKGROUND

Wireless devices are increasingly used for numerous pur-
poses, including to access media from online sources. Online
content providers consequently offer a wide selection of
media products to consumers, including movies, television
programming, and music, in both downloadable and stream-
ing formats. Matching consumers with the most appropriate
products 1s vital for enhancing user satisfaction and loyalty.
Content providers face challenges in making media recom-
mendations based on personalized consumer preference and
tastes.

In a wireless communication system, an access node can
provide streaming media to a wireless device via a unicast
transmission. However, the network resources required for
providing unicast transmissions increase linearly with the
number of wireless devices requesting such unicast transmis-
s1ons. As greater and greater numbers of wireless devices in a
service area request streaming media, the impact on network
resources can become pronounced.

OVERVIEW

Systems and methods of arranging content for broadcast in
a wireless communication system are provided. A request 1s
received from a plurality of wireless devices, each associated
with a user profile, for content associated with content char-
acteristics. A plurality of content for each of the plurality of
wireless devices 1s generated according to the associated user
profile. The plurality of content 1s arranged according to the
content characteristics for broadcasting to the plurality of
wireless devices 1n a multicast transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary communication system to
arrange content for broadcast.

FI1G. 2 illustrates an exemplary method of arranging con-
tent for broadcast 1n a wireless communication system.

FIGS. 3A and 3B illustrate exemplary content delivery to
wireless devices.

FI1G. 4 illustrates another exemplary method of arranging
content for broadcast 1n a wireless communication system.

FI1G. 5 illustrates an exemplary processing node capable of
arranging content for broadcast.

DETAILED DESCRIPTION

In an embodiment, a request 1s received for content from a
plurality of wireless devices. The content 1s associated with
content characteristics, and each wireless device 1s associated
with a user profile. Content 1s generated for each wireless
device according to the associated user profile. The content 1s
then arranged according to the content characteristics for
broadcast to the plurality of wireless devices 1n a multicast
transmission. In an embodiment, a similarity criteria 1s deter-
mined for the plurality of content and the plurality of content
1s arranged according to the determined similarty critena.
Thus, the plurality of content can be scheduled for broadcast-
ing to the plurality of wireless devices according to the deter-
mined similarity criteria.

FI1G. 1 illustrates an exemplary communication system 100
to arrange content for broadcast, comprising wireless devices
102A-102C, access node 104, communication network 106,
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content node 108, and scheduler node 110. Examples of wire-
less devices 102A-102C include a cell phone, a smart phone,
a computing platform such as a laptop, palmtop, or tablet, a
personal digital assistant, an internet access device, or other
device capable of wireless communication, including combi-

nations thereof.

Access node 104 communicates with wireless devices
102A-102C through communication links 112A, 112B and
112C, respectively. Access node 104 also communicates with
communication network 106 through communication link
116, and with scheduler node 110 through communication
link 114. Access node 104 1s a network node capable of
providing communication network access to wireless
devices, and can be, for example, a base transceiver station
and an eNodeB device.

Communication network 106 1s a network or internetwork
and 1s 1n communication with content node 108 through com-
munication link 118, as well as with access node 104. Com-
munication network 106 may comprise any network that pro-
vides communication connectivity for wireless devices
102A-102C to send and recerve data. Communication net-
work 106 comprises base stations, wireless communication
nodes, telephony switches, internet routers, network gate-
ways, computer systems, communication links, or some other
type of commumication equipment, including combinations
thereof.

Content node 108 1s a network element capable of recerv-
ing, storing, and providing media data, such as movies,
music, television programming, and the like. Scheduler node
110 1s a network element capable of arranging content for
broadcast, as further described below.

Communication links 112A-112C, 114, 116 and 118 can
be wired or wireless communication links. Wired communi-
cation links can be, for example, twisted pair cable, coaxial
cable or fiber optic cable, or combinations thereof. Wireless
communication links can be a radio frequency, microwave,
inirared, or other similar signal, and can use a suitable com-
munication protocol, for example, code division multiple
access (CDMA) 1xRTT, Universal Mobile Telecommunica-
tions System (UMTS), High-Speed Packet Access (HSPA),
Evolution Data Optimized (EV-DO), EV-DO rev. A, Global
System for Mobile telecommunications (GSM), Code Divi-
sion Multiple Access (CDMA), Worldwide Interoperability
for Microwave Access (WiMAX), or Long Term Evolution
(LTE), or combinations thereof. Other wireless protocols can
also be used.

Other network elements may be present in the communi-
cation system 100 to facilitate wireless communication but
are omitted for clarity, such as base stations, base station
controllers, gateways, mobile switching centers, dispatch
application processors, and location registers such as a home
location register or visitor location register. Furthermore,
other network elements may be present to facilitate commu-
nication between the access node 104, scheduler node 110,
communication network 106 and content node 108 which are
omitted for clanty, including additional processing nodes,
routers, gateways, and physical and/or wireless data links for
carrying data among the various network elements.

In operation, a request 1s recerved, for example at content
node 108, for content associated with content characteristics
from a plurality of wireless devices, each of which 1s associ-
ated with a user profile. For each of the plurality of wireless
devices, a plurality of content can be generated at content
node 108 according to the user profile associated with each
wireless device. The plurality of content 1s arranged accord-
ing to the content characteristics for broadcasting to the plu-
rality of wireless devices 1 a multicast transmission, for
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example at scheduler node 110. In an embodiment, similar
content requested by a plurality of wireless devices, which
would typically be provided to each wireless device via a
unicast transmission, 1s combined into an multicast broad-
cast, for example, a multimedia broadcast multicast service
broadcast.

FIG. 2 illustrates an exemplary method 200 of arranging
content for broadcast in a wireless communication system. In
operation 202, requests for content are recerved from wireless
devices 102A-102C, each of which are associated with a user
profile. A plurality of content i1s generated for each of the
wireless devices based on the respective associated user pro-
file (operation 204). For example, content node 108 can gen-
crate the content for each of wireless devices 102A-102C
based on a user profile associated with each wireless device.
The user profile can be stored at content node 108, or it can be
stored at and provided by another network element of com-
munication system 100. The plurality of content i1s then
arranged at according to content characteristics associated
with the content for broadcasting to the plurality of wireless
devices. For example, scheduler node 110 can arrange the
content generated at content node 108 according to content
characteristics for broadcasting to wireless devices 102A-
102C. Scheduler node 110 can also provide the arranged
content to access node 104 for broadcasting to the wireless
devices.

FIGS. 3A and 3B illustrate exemplary content delivery to
wireless devices. FIG. 3A illustrates the delivery of various
content to wireless devices 102A-102C through separate uni-
cast transmissions. The vanations in shading illustrated 1n
FIGS. 3A and 3B indicate different content. At any point 1n
time, different content 1s provided to each of wireless devices
102A-102C. In addition, each of the various content 1s pro-
vided at different start and end times, and in operation it
would be a relatively rare and coincidental circumstance that
more than one wireless device would be provided the same
content at the same time as another wireless device.

FI1G. 3B illustrates the delivery of content which has been
arranged for broadcast to wireless devices 102A-102C. Each
of wireless device 102A-102C provides a request for content,
which content 1s provided by, for example, content node 108.
In an embodiment, content node 108 generates the content for
cach wireless device, and provides a content list or stmilar
information indicating at least a portion of the content gen-
erated for each wireless device to a network node, for
example, scheduler node 110. The content 1s associated with
content characteristics, for example, title, track number,
album name, genre (so-called TTAG information) and other
metadata describing the content, as well as the length of the
content. Additional information can be provided as well, such
as a content rating such as a Motion Picture Association of
America (MPAA) content rating, or information identifying a
compression format such as WAV, MP3, MP4, AAC, and the
like.

According to the content characteristics, the content for
cach of the wireless devices 102A-102C 1s arranged based on
a similarity criteria for each of the plurality of content. For
example, content characteristics can be compared, and each
of the plurality of content can be assigned a similarity criteria
according to a number of points of similarity among the
content characteristics ol the content. When content charac-
teristics are provided with a high level of detail, similarity of
various content can be more accurately determined. For
example, less detailed content characteristics of music con-
tent may 1indicate that a content’s genre 1s “country” or “rock”™
or “jazz”, whereas more detailed content characteristics may
provide more specific characterizations such as “bluegrass™,
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“classic country”, “heavy metal”, “80s”, “swing””, and “cool
jazz”. Similar content characteristics can be applied to other
forms of content. In FIG. 3B, the similarity criteria 1s 1llus-
trated as “0”". The greater the number of points of common-
ality from among the content characteristics, the more similar
various content can be considered. Thus, based on the content
characteristics, a similarity criteria 1s determined for the plu-
rality of content, and the content can be arranged according to
the determined similarity criteria. In an embodiment, the
plurality of content 1s arranged from most similar to least
similar, but 1t will be appreciated that various arrangements of
the content can be achieved according to the similarity crite-
ria.

When the similarity criteria of various content meets a
similarity threshold, the content 1s deemed suiliciently simi-
lar, and content can be broadcast to the wireless devices
102A-102C 1n a multicast transmission. For example, content
306 has been requested by each of wireless devices 102A-
102C. According to the associated content characteristics,
content 306 has been determined to be similar content, and
turther, meets a similarity criteria, and so content 306 has
been scheduled for broadcast between times tl1 and t2 1 a
multicast broadcast to wireless devices 102A-102C.

When the similanty criteria does not meet a similarity
threshold, content can be broadcast to a wireless device 1n a
unicast transmission. For example, content 312 1s content
which was requested by wireless device 102C, and which did
not meet a similarity threshold. Accordingly, between times
t2 and t3, while content 308 1s broadcast 1n a multicast trans-
mission to wireless devices 102A and 102B, content 312 1s
broadcast to wireless device 102C using a unicast transmis-
S1011.

Unicast transmissions can be used to provide content to
only one wireless device, and gaps or silence can be used to
synchronize a wireless device for the multicast transmission
of content. For example, content 302 1s a unicast transmission
of content to wireless device 102C. As another example, gap
304 1s provided to wireless device 102C by not transmitting
any content for a period of time prior to time t1. At time t1,
content 306 1s broadcast to wireless devices 102A-102C 1n a
multicast transmission. Scheduler node 110 and/or access
node 104 can provide indications to the wireless devices
102A-102C of scheduled multicast and unicast transmissions
as well as transmission gaps or periods of silence to synchro-
nize the broadcasts of content to each of the plurality of
wireless devices.

FI1G. 4 1llustrates another exemplary method 400 of arrang-
ing content for broadcast 1n a wireless communication sys-
tem. In operation 402, requests for content are recerved from
wireless devices 102A-102C, each of which are associated
with a user profile. A plurality of content 1s generated for each
of the wireless devices based on the respective associated user
profile (operation 404). For example, content node 108 can
generate the content for each of wireless devices 102A-102C
based on a user profile associated with each wireless device.

In operation 406, similarity criteria are determined for each
of the plurality of content. The plurality of content 1s associ-
ated with content characteristics. According to the content
characteristics, a similarity criteria 1s determined for the con-
tent. For example, content characteristics can be compared,
and each of the plurality of content can be assigned a simi-
larity criteria according to the number of points of similarity
among the content characteristics of the content. The greater
the number of points of commonality from among the content
characteristics, the more similar various content can be con-
sidered. Thus, based on the content characteristics, a similar-
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ity criteria 1s determined for the plurality of content, and the
content can be arranged according to the determined similar-
ity criteria.

When the similanty criteria of various content meets a
similarity threshold (operation 408—YES), the content 1s
deemed suiliciently similar, and content can be broadcast the
wireless devices 102A-102C 1n a multicast transmission (op-
cration 412). For example, when content which has been
requested by each of wireless devices 102A-102C 1s deter-
mined to be similar content, and further, meets a similarity
criteria, the content can be scheduled for broadcast 1n a mul-
ticast broadcast to wireless devices 102A-102C. When the
similarity criteria does not meet a similarity threshold (opera-
tion 408—NO), content can be broadcast to a wireless device
in a unicast transmission (operation 410).

Unicast transmissions can be used to provide content to
only one wireless device, and gaps or silence can be used to
synchronize the wireless device for the multicast transmis-
sion of content (operation 414). Scheduler node 110 can
provide the arranged content to access node 104 for broad-
casting to the wireless devices (operation 416).

When conditions change, similarity criteria may be rede-
termined (operation 418—YES). For example, if one of wire-
less devices 102A-102C makes an additional request for con-
tent, or 1f a new wireless device makes a request for content,
then similarnity criteria are determined for the additionally
requested content.

Content node 108 will also generate future content for
wireless devices 102A-102C 1n accordance with their respec-
tive user profiles (operation 420). Similarity criteria can be
determined for the future content, and the future content can
be provided to a wireless device by a unicast transmission, or
arranged for broadcast to the wireless devices 1n a multicast
transmission (operation 423).

The media data provided by exemplary system 100 1s not
limited to entertainment media. For example, 1n an embodi-
ment, wireless devices 102A-102C can request map data. In a
similar fashion as described above, similarity criteria can be
determined for the requested map data, and map data which
meets a similarity threshold can be broadcast to a plurality of
wireless devices 1n multicast transmission. Furthermore,
future content can be generated by content node 108. For
example, future map data can be predicted and generated
based on the location and movement of a wireless device.
When a wireless device 1s determined to be 1n an first geo-
graphic location and moving to a second geographic location,
map data for the second geographic location can be deter-
mined as future content. When such future content can be
predicted for a plurality of wireless devices, the future content
can be arranged for broadcast by a multicast transmission to
the plurality of wireless devices.

FIG. 5 illustrates an exemplary processing node 500
capable of arranging content for broadcast 1n a wireless com-
munication system. Processing node 500 comprises commu-
nication interface 505, user interface 510, and processing
system 515 1n communication with communication interface
505 and user interface 510. Processing system 525 includes
storage 520, which can comprise a disk drive, tlash drive,
memory circuitry, or other memory device. Storage 520 can
store software 525 which 1s used 1n the operation of the
processing node 500. Storage 520 may include a disk drive,
flash drive, data storage circuitry, or some other memory
apparatus. Software 535 may include computer programs,
firmware, or some other form of machine-readable instruc-
tions, mcluding an operating system, utilities, drivers, net-
work iterfaces, applications, or some other type of software.
Processing system 515 may include a microprocessor and
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other circuitry to retrieve and execute software 5235 from
storage 520. Processing node 500 may further include other
components such as a power management unit, a control
interface unit, etc., which are omitted for clarity. Communi-
cation mterface 505 permits processing node 500 to commu-
nicate with other network elements. User interface 510 per-
mits the configuration and control of the operation of
processing node 500.

An example of processing node 500 includes scheduler
node 110. Processing node can also be an adjunct or compo-
nent of a network element, such as an element of access node
104 or content node 108. Processing node 500 can also be
another network element 1n a communication system, includ-
ing in communication network 106.

The exemplary systems and methods described herein can
be performed under the control of a processing system
executing computer-readable codes embodied on a computer-
readable recording medium or communication signals trans-
mitted through a transitory medium. The computer-readable
recording medium 1s any data storage device that can store
data readable by a processing system, and includes both vola-
tile and nonvolatile media, removable and non-removable
media, and contemplates media readable by a database, a
computer, and various other network devices.

Examples of the computer-readable recording medium
include, but are not limited to, read-only memory (ROM),
random-access memory (RAM), erasable electrically pro-
grammable ROM (EEPROM), flash memory or other
memory technology, holographic media or other optical disc
storage, magnetic storage including magnetic tape and mag-
netic disk, and solid state storage devices. The computer-
readable recording medium can also be distributed over net-
work-coupled computer systems so that the computer-
readable code 1s stored and executed in a distributed fashion.
The communication signals transmitted through a transitory
medium may include, for example, modulated signals trans-
mitted through wired or wireless transmaission paths.

The above description and associated figures teach the best
mode of the invention. The following claims specity the scope
of the invention. Note that some aspects of the best mode may
not fall within the scope of the 1invention as specified by the
claims. Those skilled 1n the art will appreciate that the fea-
tures described above can be combined in various ways to
form multiple vanations of the invention. As a result, the
invention 1s not limited to the specific embodiments described
above, but only by the following claims and their equivalents.

What 1s claimed 1s:

1. A method of arranging content for broadcast 1n a wire-
less communication system, comprising:

receving a request for content associated with content

characteristics from a plurality of wireless devices each
associated with a user profile;
generating a plurality of content for each of the plurality of
wireless devices according to the associated user profile;

determiming a similarity criteria for the plurality of content
based on the content characteristics for each of the plu-
rality of content;

arranging the plurality of content according to the content

characteristics for broadcasting to the plurality of wire-
less devices 1n a multicast transmission, wherein arrang-
ing the content comprises ordering the plurality of con-
tent from most similar to least similar according to the
determined similarity criteria;

scheduling a first content and a second content 1n a first

time slot for broadcasting to at least two of the plurality
of wireless devices 1n a multicast transmission when the
similarity criteria for the first content and the second
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content meets a similarity threshold, wherein the multi-
cast scheduling 1s performed prior to transmitting the
first content and the second content;

scheduling a third content 1n the first time slot for unicast-

ing to one of the plurality of wireless devices 1n a unicast
transmission when the similarity criteria for the third
content fails to meet a similarity threshold, wherein the
unicast scheduling 1s performed prior to transmitting the
third content;

transmitting the scheduled multicast transmission and the

scheduled unicast transmission over the first time slot;
and

predicting future content having similarity criteria based

on the arranged plurality of content, the user profiles,
and a location for at least one wireless device that
received one of the multicast or unicast transmission.

2. The method of claim 1, wherein arranging further com-
prises scheduling the plurality of content according to the
determined similarity criteria for broadcasting 1n a multicast
transmission.

3. The method of claim 1, further comprising;

synchronizing a broadcast of the plurality of content to

cach of a plurality of wireless devices by a unicast trans-
mission to at least one of the plurality of wireless
devices.

4. The method of claim 1, further comprising:

arranging the future content according to the similarity

criteria for broadcasting to the plurality of wireless
devices 1n a multicast transmission; and

transmitting a first future content and a second future con-

tent 1n a multicast transmission when the similarity cri-
teria for the first future content and the second future
content meets a similarity threshold.

5. The method of claim 1, further comprising;

redetermining the similarity criteria when a second request
for content 1s recerved from one of the plurality of wire-
less devices.

6. The method of claim 1, further comprising:
redetermining the similarity criteria when a status change
of one of the plurality of wireless devices 1s detected.

7. The method of claim 1, further comprising:

scheduling a first future content and a second future con-

tent 1n a second time slot for broadcasting to at least two
of the plurality of wireless devices 1n a multicast trans-
mission when the similarity criteria for the first future
content and the second future content meets a similarity
threshold;

transmitting the first future content and the second future

content 1n a multicast transmission over the second time
slot.

8. A processing node of a wireless communication system,
the processing node comprising:

a processor and a communication interface, wherein the

processing node 1s configured to:

receive a request for content associated with content char-

acteristics from a plurality of wireless devices each asso-
ciated with a user profile;
generate a plurality of content for each of the plurality of
wireless devices according to the associated user profile;

determine a similarity criteria for the plurality of content
based on the content characteristics for each of the plu-
rality of content; and

arrange the plurality of content according to the content

characteristics for broadcasting to the plurality of wire-
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less devices 1n a multicast transmission, wherein arrang-
ing the content comprises ordering the plurality of con-
tent from most similar to least similar according to the
determined similarity criteria;

schedule a first content and a second content 1n a first time
slot for broadcasting to at least two of the plurality of
wireless devices 1n a multicast transmission when the
similarity criteria for the first content and the second
content meets a stmilarity threshold, wherein the broad-
cast scheduling 1s performed prior to transmitting the
first content and the second content;

schedule a third content in the first time slot for unicasting
to one of the plurality of wireless devices in a unicast
transmission when the similarity criteria for the third
content fails to meet a similarity threshold, wherein the
unicast scheduling is performed prior to transmitting the
third content; and

transmit the scheduled multicast transmission and the
scheduled unicast transmission over the first time slot;:
and

predict future content having similarity criteria based on
the arranged plurality of content, the user profiles, and a
location for at least one wireless device that recerved one
of the multicast or unicast transmission.

9. The processing node of claim 8, further configured to
schedule the plurality of content according to the determined
similarity criteria for broadcasting 1n a multicast transmis-
S1011.

10. The processing node of claim 8, further configured to:

synchronize the multicast transmission of the plurality of
content to each of the plurality of wireless devices by a
unicast transmission to at least one of the plurality of
wireless devices.

11. The processing node of claim 8, further configured to:

arrange the future content according to the similarity cri-
teria for broadcasting to the plurality of wireless devices
1n a multicast transmission; and

transmit a first future content and a second future content in
a multicast transmission when the similarity criteria for
the first future content and the second future content

meets a similarity threshold.
12. The processing node of claim 8, further configured to:

redetermine the similarity criteria when a second request
for content 1s received from one of the plurality of wire-
less devices.

13. The processing node of claim 8, further configured to:

redetermine the similarity criteria when a status change of
one of the plurality of wireless devices 1s detected.

14. The processing node of claim 8, further configured to:

schedule a first future content and a second future content
in a second time slot for broadcasting to at least two of
the plurality of wireless devices 1n a multicast transmis-
sion when the similarity criteria for the first future con-
tent and the second future content meets a similarity

threshold;

transmit the first future content and the second future con-
tent 1n a multicast transmission over the second time
slot.
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